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Abstract—The magnetostatic and magnetic resonance properties of the Y, 551, sCry sMn, 505 polycrystalline
system have been experimentally investigated. The predominance of the intracrystalline ferromagnetic inter-
action and the antiferromagnetic character of the intercrystallite interaction have been established. The mag-
netic resonance spectrum in the magnetically ordered region consists of two lines. The high-field line corre-
sponds to the interacting parts of polycrystal shells and the low-field peak is related to the disordered system

of ferromagnetic particles.
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1. INTRODUCTION

The compounds belonging to the class of complex
oxide materials have been intensively investigated.
Complex oxides are attractive for application by their
chemical inertness and stability. The creation of mate-
rials on the basis of various oxides makes it possible to
obtain both purely magnetic and multiferroic com-
pounds [1]. Of great interest are heterogeneous media
with the developed interfaces between mesoscopic
structural elements, for example, systems with phase
stratification, film structures, and nanoscale compos-
ites [2]. In this field, the manganite compounds with
the general formula A,B, _ ,Mn,Me, _ 05, where A is
the rare-earth element, B is, as a rule, the alkaline-
earth element, and Me is the 3d metal, have been stud-
ied most thoroughly [3]. The basic compound is
LaMnO;. In particular, doping of this compound with
Sr?* ions leads, depending on the impurity concentra-
tion, to a rich variety of properties and multiplicity of
transitions between different magnetic phases; for
instance, at x = 0.5, the sample is in the antiferromag-
netic phase and exhibits the semiconductor-type con-
ductivity [4]. In the general case, the magnetic and
electrical properties of such systems are determined by
the ratio between manganese ions Mn**/Mn**. On the
other hand, in mixed chromite manganites, the effect
of exchange bias caused by the competition of

exchange interactions between like- and unlike-
charged Cr and Mn ions with different valences [5—7]
and the effect of the magnetization sign version [8] are
observed. The situation becomes even more compli-
cated on the nanoscale. In this case, an additional fac-
tor (particle size) for controlling the properties
appears; for example, in the Y 45CagsMnO; com-
pound, a noticeable change in the permittivity with
the nanoparticle size was found [9]. Upon embedding
of yttrium impurities instead of lanthanum, the anom-
alous change in the relative volume, the variation in
the inverse susceptibility [10], and the relaxation mag-
netization processes characteristic of spin glasses [11]
are observed. The aforementioned indicates a notice-
able effect of yttrium ions on the magnetic properties
of manganite crystals. In polycrystalline lanthanum—
strontium manganite doped with chromium in low
(<8%) concentrations, the reverse spin-glass behavior
was observed [12]. In this case, a technique used for
sample fabrication strongly affects a set of the proper-
ties of polycrystals. Upon transition to the nanoscale,
the spatial inhomogeneity inside particles arises and
the interparticle interactions are added.

In the literature, there has been a lack of data on the
properties of yttrium-based manganites and embed-
ding of chromium ions instead of manganese ions
expands the variety of possible exchange interactions.
Therefore, we decided to examine the magnetic prop-
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erties of polycrystalline yttrium—strontium chromite
manganites.

2. EXPERIMENTAL

The Y, sSt,sCry sMn, s0; manganite was synthe-
sized using a mixture of the Y,0;, SrCO,, Cr,0;, and
Mn,0; oxides. The obtained complex oxide samples
were prepared by the sol-gel method [13]. The oxides
were mixed in the stoichiometric amounts and ground
in an agate mortar to obtain a homogeneous mixture.
Then, the mixtures were subjected to repeated anneal-
ing in a furnace in the temperature range of 600—
1100°C with an increase in temperature with a step of
100°C. To improve the homogeneity of the reaction
products, the annealing consisted of six stages: 600°C
(stage 1), 700°C (stage II), 800°C (stage III), 900°C
(stage IV), 1000°C (stage V), and 1100°C (stage VI)
with a total duration of 39 h. After each synthesis stage,
the intermediate grinding was performed. Upon com-
pletion of the synthesis, the furnace was switched off
and the obtained compound was cooled in the muffle
furnace cooling regime.

The phase state of the final products was controlled
by X-ray diffraction analysis on a Rigaku Miniflex 600
X-ray diffractometer. The electron microscopy study
was carried out on a JEOL JEM-2100 microscope.
The magnetic characteristics were studied on an
MPMS-XL SQUID magnetometer in fields of up to
50 kOe. The electron magnetic resonance (EMR)
spectra were measured on a Bruker E 500 CW EPR
spectrometer at a frequency of Wywp = 9.48 GHz. The
resonance measurements were performed in the tem-
perature range of 5—300 K.

3. RESULTS AND DISCUSSION

It was found using X-ray spectroscopy that the
crystals have the nominal composition and belong to
the orthorhombic syngony with cell parameters
ofa=7.065A,b=7.375A, and c = 6.741 A. The aver-
age crystallite size can be estimated from the electron
microscopy image (Fig. 1), in which one can see a sig-
nificant crystallite size spread. The local atomic and
weight contents of chemical elements determined by
transmission spectroscopy are given in Table 1. The
data were detected from a spot ~20 nm in diameter
(marked in Fig. 1). The spread of the element contents
in the sample from one point to another can be 5—6%.

Manganites of different compositions crystallize,
as a rule, in the orthorhombic symmetry [3]. In
some cases, due to the distortion of the MnO
octahedron, the nanophase manganite systems,
e.g., La;_ ,Me MnO; (Me = Ca, Sr[14, 15]) undergo
a transition to the monoclinic symmetry. There is
the data, however [7], demonstrating that the
La; sSry sMn, sCr,, 505 polycrystals obtained by the
standard solid-state reaction method in air are a mix-
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Spectrum 1

Fig. 1. Electron microscopy image of the polycrystalline
Y 551 5Cry sMng 505 chromite manganite composition.

ture of the rhombohedral (42%) and orthorhombic
(51%) phases. Magnetically, the samples exhibit, in
general, the antiferromagnetic behavior.

The magnetostatic measurements showed that, at
low temperatures, the hysteresis magnetization loops
are observed. Below 30 K, the hysteresis loop is open
(Fig. 2), but the magnetization does not saturate in
fields of up to H > 50 kOe. At temperatures of 7 >
35 K, the magnetization curve is hysteresis-free and
has the form typical of a paramagnet, with the straight
slope essentially depending on the measuring tem-
perature (insert in Fig. 2). The shape of the tempera-
ture curves of magnetization (M(7T)) obtained upon
sample heating depends on the prehistory or the cool-
ing mode: in nonzero magnetic field (FC) or zero
magnetic field (ZFC). Just at a temperature of 7T =
35K, in the ZFC mode, the M(7T) maximum is
observed. In fields around 2.5 kOe, a low-temperature
magnetization tail arises, the specific weight of which
increases with the measuring field. In stronger
measuring fields, the maximum is smoothed out and,
in fields of H > 40 kOe, it is almost absent (Fig. 3).
Figure 4 shows temperature dependences of the
inverse susceptibility (1/y) obtained in different mag-
netic fields (for a standard two-sublattice antiferro-
magnet [16], we have ¥ = C/(T — ®), where C is the

Table 1
Element Weight content, % Atomic content, %

(0] 22.3 60.1

Cr 13.7 9.6

Mn 15.53 10.3

Sr 24.53 10.2

Y 23.94 9.8

100.00 100.00
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H, kOe

Fig. 2. Field dependences of the magnetization of the
Y5519 5Crg sMn( 505 polycrystal. Curves 1, 2, 3, 4, and 5

correspond to 7= 4.5, 25, 35, 75, and 170 K, respectively.

constant, 7 is the temperature, and O is the point of
intersection of the asymptote with the abscissa axis,
which depends on the ratio between the intra- and
interlattice exchanges. In addition, the inset shows the
qualitative 1/ behavior for an antiferromagnet at dif-
ferent magnetic field directions relative to the antifer-
romagnetic axis. It can be seen that the experimental
1/%(T) dependence qualitatively corresponds to the
antiferromagnetic ordering of a polycrystal [16]. At a
measuring field of # = 2.5 kOe, the 1/x(7) curve
bending becomes pronounced in the range of Ty =
75—90 K, which can be related to the Néel tempera-
ture. For all measuring fields, we have ® = —27 K,
while the temperature Ty depends on the measuring
field.

Figure 5 shows microwave absorption spectra of
the polycrystalline sample at 7 = 39 and 270 K. At
temperatures of 7' < 80 K, the spectrum consists of
two resonance absorption lines (Fig. 5a) and, in the
high-temperature region, one low-field line (line /) is
observed (Fig. 5b). With increasing temperature, the
high-field line significantly decreases in intensity and
vanishes near 7"~ 80 K, which approximately coin-
cides with the 7} region.

The qualitative results can be explained within the
model of a two-sublattice antiferromagnet. If J; > 0
and J, < 0 are the intra- and interlattice exchange
interactions, then, according to [13], we have © =
J,+J, and T = J, — J,. Using the experimental @
and Ty values, in this case we obtain J, = +29 K and
J,= =56 K.

There has been a lack of the literature data on the
mixed yttrium chromite manganites and the available
data are related to the lanthanum-containing com-
pounds [7, 12, 17, 18]. In the lanthanum—strontium
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M, emu/g

Fig. 3. Temperature dependences of the magnetization for
the Y 5Srg 5Cry sMng 503 polycrystal. Curves 1, 2, 3, 4,
and 5 correspond to H = 0.15, 1.0, 2.5, 3.5, and 7.5 kOe,
respectively.

manganites, according to their phase diagram [19], the
concentration x = 0.5 is intermediate between the fer-
romagnetic and antiferromagnetic phases. Therefore,
embedding of chromium ions and the transition to a
mesoscopic crystallite level can shift the boundary of
the ferromagnet—antiferromagnet phase transition in
either direction.

In single-crystal manganites, the interlattice inter-
action is, as a rule, noticeably stronger than the intra-
sublattice interaction [3]. In our case, the average
crystallite size is quite large (=10.3 um). Here, along
with the magnetic order inside crystallites, there is the
intercrystallite exchange interaction, which can be

N
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T

[ Y o RS ————

100 200 300

Fig. 4. Temperature dependences of the inverse suscepti-
bility at (/) 2.5 and (2) 40 kOe. Inset: model dependence
for 1/¢(7) from [13].
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Fig. 5. Resonance absorption spectrum for the
Yy 551y 5Crg.sMnj 503 polycrystal. (a) 7= 39.5 and (b)
270 K. (1, 2) Fitting by the Lorentz curves and (3) experi-
mental curve.

comparable with the exchange inside crystallites;
then, the competition of the interactions occurs. The
low-temperature magnetization tail in strong mag-
netic fields is indicative of the presence of a superpara-
magnetic subsystem and, as was shown in [12], the
behavior of the La—Sr—Mn—Cr system with the low
Cr content in weak magnetic fields is similar to spin-
glass. This gives us grounds to believe that the grains
are ferromagnetic and randomly oriented in space,
while between the grains the antiferromagnetic inter-
action occurs. In this case, the intercrystallite
exchange interactions should be weaker than the intra-
crystalline ones. Obviously, in such a system, there is a
competition of the intercrystallite interactions. Then,
the magnetization in weak magnetic fields H < Hpx
(Hgx is the intercrystallite interaction exchange field)
is determined by the rotation of the magnetic
moments of ferromagnetic crystallites and, here, the
behavior of the magnetization is similar to spin-glass
(curves [ and 2 in Fig. 3). The behavior in stronger
magnetic fields H > Hgy is determined by overcoming
the intercrystallite antiferromagnetic interactions and
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rotation of the magnetic moments of crystallites along
the external magnetic field direction (curves 3and 4in
Fig. 3). In strong magnetic fields, the magnetization is
related to overcoming the strongest interparticle
interactions and intraparticle magnetic anisotropies
(curve 5in Fig. 3).

It is well-known [20] that manganites in the
nanoparticle and polycrystalline states have a strong
spatial heterogeneity, when the particle’s core is sur-
rounded by a surface shell, which, as a rule, has a dif-
ferent composition and may even have a different
structure. Then, the ensemble of interacting particles
can be presented as a two-phase magnetic system con-
sisting of the internal volume and a shell. The mag-
netic resonance data show that, at low temperatures,
there are two oscillatory modes (Fig. 5a), which indi-
cate the existence of two subsystems. In this case, the
low-field resonance peak has an intensity (determined
as an area under the corresponding curve) higher by
approximately an order of magnitude than that of the
high-field peak and a significantly larger linewidth.
The approximately resonance fields correspond to the
region of 2—3 kOe, which is consistent with the maxi-
mum smoothing region in Fig. 3 and the transition to
the region of overcoming the antiferromagnetic inter-
crystallite interactions. Above the transition tempera-
ture 7Y, the strong-field peak cannot be seen against
the background of the low-field peak (Fig. 5b) and the
parameters of the low-field peak are almost tempera-
ture-independent. These data suggest that the strong-
field peak originates from the sample part that is cou-
pled with the polycrystal shell and, when the long-
range order vanishes, this part cannot be seen against
the low-field peak background. Thus, the low-fre-
quency absorption is related to the resonance from a
disordered system of ferromagnetic clusters (crystal-
lites). This is also indicated by the broadening of the
observed resonance absorption line. However, to
obtain more detailed information about the resonance
properties, special investigations are needed.
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